Resistance to vancomycin permitted detection, in a culture of Streptococcus cremoris 290PC, of a contaminant gram-positive coccus. Morphological and physiological characteristics indicated that this bacterium was a strain of Leuconostoc sp., designated P0184. This strain contained four plasmid species, which were distinct from those harbored by S. cremoris 290PC. Antibiotic disk susceptibility tests indicated that Leuconostoc sp. strain P0184 was also resistant to sulfathiazole and trimethoprim and susceptible to 17 other antimicrobials. The MIC of vancomycin for this strain was >2,000 ,ug/ml, and resistance did not depend on drug inactivation. Leuconostoc sp. strain P0184 produced a substance which was inhibitory to S. cremoris U134, but not to S. lactis ATCC 11454. Five other leuconostocs produced substances with antibacterial activity. Of 18 strains of Leuconostoc sp., 14 were resistant to at least 500 jig of vancomycin per ml, including four L. oenos strains which harbored no plasmid DNA in the 1-to 76-megadalton range. Twelve Leuconostoc sp. strains contained at least one plasmid species in this mass range. These findings are discussed from the physiological, taxonomical, and ecological standpoints and with regard to their potential applications.
Leuconostoc is a genus of fastidious, gram-positive bacteria of the family Streptococcaceae, found in fermenting vegetables, dairy products, and wine and in sugar refineries (7) . Their capacities to produce C4 compounds (diacetyl and acetoin) and to carry out malo-lactic fermentation are important to the dairy and wine industries, respectively. Leuconostocs are taxonomically and ecologically related to group N streptococci.
Vancomycin, a product of Streptomyces orientalis, is a complex glycopeptide antibiotic which acts by interfering with the biosynthesis of the bacterial cell wall peptidoglycan. It is highly potent against gram-positive bacteria, but not against gram-negative organisms. Mycobacteria, molds, and yeasts are unsusceptible to vancomycin (10, 17) . Among the susceptible bacterial species, resistant mutants are very rare or nonexistent (4, 13) . This paper reports on the occurrence of high-level resistance to vancomycin as a common trait of Leuconostoc sp. strains. We have also applied a recently described, streptococcal plasmid isolation method (16) 
MATERIALS AND METHODS
Bacterial strains. The identity and origin of the strains used in this study are given in Table 1 .
Culture media. For Leuconostoc oenos strains, culture maintenance, cell propagation before lysis, and MIC determinations were carried out in modified Rogosa medium (18) , from which liver extract was omitted and to which fructose (3.0 g/liter) and L-malic acid (2.0 g/liter) were added. For other Leuconostoc sp. strains, the medium used was MRS broth (3) containing only 0.4% glucose and in some instances fortified with filtered V-8 juice (Campbell Soup Co.) at 200 ml/liter. (Siegel et al. [20] observed that cells of Streptococcus sp. grown in media containing higher glucose concentrations were refractory to lysis.) This modified MRS broth was also used in the determination of vancomycin MICs for lactic streptococci. Escherichia coli V517 (14) was propagated in M17 broth (21 Confirmation of nonidentity between Leuconostoc sp. strain P0184 and the culture which originally harbored it, S. cremoris 290PC, came from the comparison of the plasmid profiles of the two strains, which are obviously different (Fig. 1) . Great dissimilarity was also observed upon microscopic examination of the two cultures: S. cremoris 290PC formed long chains (>50 cells in length), whereas Leuconostoc sp. strain P0184 did not.
Clearly, it was of interest to examine whether Leuconostoc sp. strain P0184 exhibited resistance to other antimicrobial agents. Disks containing the following substances were used in the Bauer-Kirby test (2) : amikacin, ampicillin, bacitracin, cephalothin, chloramphenicol, chlortetracycline (aureomycin), erythromycin, gentamicin, kanamycin, lincomycin, nafcillin, neomycin, penicillin G, rifampin, streptomycin, sulfathiazole, tetracycline, tobramycin, trimethoprim, and vancomycin. This organism was susceptible to all of these antimicrobials, with the exceptions of sulfathiazole, trimethoprim, and vancomycin, which caused no detectable inhibition. Low susceptibility to sulfathiazole and trimethoprim has also been observed in our studies of the lactic streptococci (submitted).
Vancomycin resistance and plasmid DNA in strains of Leuconostoc sp. Eighteen strains of Leuconostoc sp. were randomly selected and examined for susceptiblity to vancomycin and for plasmid DNA content. The strains and their respective vancomycin MICs are listed in Table 1 , and their plasmid profiles are shown in Fig. 1 and 2 . Four strains of L. oenos examined contained no plasmid DNA in the range of 1 to 76 megadaltons (Md); lysis of a fifth strain (L. oenos Ey2d) was not achieved. All of the other strains did contain plasmid DNA, varying in molecular mass from ca. 1.9 to ca. 76 Md. Fourteen of the strains were resistant to at least 500 ,ug of vancomycin per ml, whereas three others, as well as five lactic streptococcal strains tested under identical conditions, were inhibited by the smallest concentration tested (10 ,ug/ml).
Lack of vancomycin inactivation and production of an antibacterial substance by Leuconostoc sp. strain P0184. An experiment was performed to examine whether the highlevel resistance to vancomycin exhibited by Leuconostoc sp. strain P0184 was due to inactivation of the drug in its culture medium. Three tubes were prepared, each containing MRS broth (4 ml). To tubes A and B vancomycin was added, to a final concentration of 1,000 ,ug/ml; tube C received no antibiotic. Tubes A and C were inoculated with 50 ,ul of a fresh culture of Leuconostoc sp. strain P0184; tube B was not inoculated. All three tubes were incubated at 30°C for 15 h. Cultures A and C were then neutralized with 10% NaOH, to the pH of uninoculated broth (6.4) , and the cells were removed by centrifugation followed by filtration through a membrane filter (0.45-p.m pore size; Millipore Corp.). Each solution (20 ,ul of A, B, or C) was spotted onto 6.5-mm sterile filter paper disks (Difco), which were allowed to dry briefly, and used in the Bauer-Kirby susceptibility test (2) (10) . Approximately 500-fold-higher concentrations of this antibiotic could not inhibit most of the Leuconostoc sp. strains examined in this study. To our knowledge, this is the first detailed account of the existence of non-acid-fast, gram-positive bacteria which are naturally resistant to high levels of vancomycin. To a certain extent, it is not surprising that the unsusceptibility of Leuconostoc sp. strains to this antibiotic remained undetected for so long after its discovery, given the nonpathogenicity and lack of involvement of this genus in any aspect of medical microbiology. It should prove interesting to investigate whether other medically unimportant bacteria related to Leuconostoc sp., such as Pediococcus sp., might also be unsusceptible to vancomycin.
The antibacterial action of vancomycin is due to complexing with the pentapeptide precursor of peptidoglycan biosynthesis. Binding of the antibiotic requires that the peptide precursor have five amino acids and that the terminal pair be D-alanyl-D-alanine (4, 6, 17 (11) .
The high susceptibility to vancomycin found in lactic streptococci, which are closely related to Leuconostoc sp. from the standpoint of ecology, suggests that the resistance exhibited by the latter genus might be coincidental, rather than a specific adaptation to the possible presence of antibiotic-producing Streptomyces spp. in their habitat. An obvious application of our observations would be the use of vancomycin in selective media for the isolation of wild strains of Leuconostoc sp. or for the enumeration of these bacteria in mixed-strain, lactic starter cultures. Media containing sodium azide (J. We have also demonstrated the application of a recently described lactic streptococcal plasmid isolation method (16) to the genus Leuconostoc. O'Sullivan and Daly first reported on the presence of plasmid DNA in these bacteria (Ir. J. Food Sci. Technol. 6:206, 1982 ). All of 10 strains examined by these authors contained at least one plasmid species, in the 2.5-to 40-Md range; wine leuconostocs were not examined.
In her description of the genus Leuconostoc, Garvie (7) emphasizes the clear distinction between L. oenos and the other species in this genus. The results obtained with the strains of L. oenos examined in this study suggest that the presence of plasmid DNA may be less frequent in this species than in other leuconostocs; if true, this would be yet another characteristic separating the two groups of microorganisms. On the other hand, their unity as parts of the same genus is supported by the shared trait of resistance to vancomycin.
Garvie has also stated (8) that L. dextranicum and L. cremoris may be subspecies of L. mesenteroides and that further work on the relationship of these bacteria is needed. It seems reasonable to suppose, based on what is known for the lactic streptococci, that some of the traits for which Leuconostoc bacteria exhibit a high degree of variability, such as the fermentation of different carbohydrates, might depend on plasmid-carried genes. This hypothesis is supported by the concurrent loss of plasmid DNA and of the capacity to utilize lactose or citrate observed in leuconostocs by O'Sullivan and Daly (Ir. J. Food Sci. Technol. 6:206, 1982) .
The complexity of Leuconostoc sp. plasmid profiles makes these bacteria similar to the lactic streptococci in yet another aspect. It is tempting to speculate that future genetic manipulations of cultures used in the dairy and wine industries might involve transfer of genetic material between these two groups of microorganisms.
